A Mongolian ankylosaurid specimen identified as Tarchia gigantea is an articulated skeleton including dorsal ribs, the sacrum, a nearly complete caudal series, and in situ osteoderms. The tail is the longest complete tail of any known ankylosaurid. Remarkably, the specimen is also the first Mongolian ankylosaurid that preserves impressions of the keratinous scales overlying the bony osteoderms. This specimen provides new information on the shape, texture, and ar− rangement of osteoderms. Large flat, keeled osteoderms are found over the pelvis, and osteoderms along the tail include large keeled osteoderms, elongate osteoderms lacking distinct apices, and medium−sized, oval osteoderms. The specimen differs in some respects from other Tarchia gigantea specimens, including the morphology of the neural spines of the tail club handle and several of the largest osteoderms.
Introduction
Mongolian dinosaur specimens are often preserved in articu− lation, and in the case of ankylosaurs, osteoderms are some− times found in situ (Kielan−Jaworowska and Dovchin 1969; Kielan−Jaworowska and Barsbold 1972). However, osteo− derm arrangements in Mongolian ankylosaurs have rarely been described in detail. ZPAL MgD I/113, collected from Altan Uul III in the Nemegt Basin of Mongolia during the 1971 Polish−Mongolian Palaeontological Expedition, pre− serves in situ osteoderm and soft tissue scale impressions. In 1998, the specimen was sent to the Geological Museum in Oslo, Norway for preparation and study, and we describe it here.
The specimen was originally referred to "Dyoplosaurus" giganteus Maleev, 1956 by Maryańska (1977 . Maleev (1956) named the new species Dyoplosaurus giganteus based on cau− dal and pedal elements . The referral of a new species to the genus Dyoplosaurus, the type species of which is Dyoplosaurus acutosquameus Parks, 1926 , was based on the similarity of the caudal vertebrae and osteoderms. How− ever, Coombs (1978) and subsequent workers considered Dyoplosaurus acutosquameus a junior subjective synonym of Euoplocephalus tutus Lambe, 1910 (= Stereocephalus tutus Lambe, 1902 , based on a revision of the Ankylosauria by Coombs (1978) . Recently, Arbour et al. (2009) suggested that Dyoplosaurus acutosquameus is a distinct and valid taxon. Maryańska (1977) erected the new genus and species Tarchia kielanae based on a partial skull roof (ZPAL MgD I/111). Tumanova (1987) synonymised Tarchia with "Dyoplosau− rus" giganteus to form the new combination Tarchia gigan− tea, and retained Tarchia kielanae as a distinct species. The holotype of "Dyoplosaurus" giganteus (PIN 551−29) includes only postcranial material whereas the holotype of Tarchia kielanae (ZPAL MgD I/111) includes only cranial material. PIN 3142/250, the specimen most typically associated with the genus Tarchia in both the scientific and popular literature, is known from both cranial and postcranial material, but the postcrania are currently undescribed. In a recent visit (2009, VMA) to the ZPAL collections, the holotype skull of Tarchia kielanae could not be located. There are currently at least seven specimens of Tarchia gigantea in Moscow, Ulaan− baatar, and Warsaw (Table 1) , most of which were examined during the course of this study.
Another ankylosaur from the Late Cretaceous of Mongo− lia, Saichania chulsanensis (MPC 100/151), is known from a good skull and the anterior portion of the skeleton. There are several postcranial specimens that have also been referred to Saichania, including the tail club PIN 3142/251, and MPC 100/1305, a nearly complete skeleton with in situ osteo− derms. Although MPC 100/1305 is nearly complete, it lacks a skull, making comparison with the holotype difficult, and referral of this specimen to Saichania is largely because it is from the Baruungoyot Formation, like the holotype.
Presently, Saichania appears to be restricted to the Baruun− goyot Formation, whereas Tarchia is known from both the Baruungoyot and Nemegt Formations. The holotype speci− men of Tarchia kielanae was collected from Khulsan, the same locality as the holotype of Saichania, although ZPAL MgD I/42, ZPAL MgD I/43, ZPAL MgD I/49, ZPAL MgD I/113, PIN 551−29, and PIN 3142/550 are all from the Nemegt Formation (Maryańska 1977) . Although there is little overlap− ping material between MPC 100/1305 and the holotype, the referral of MPC 100/1305 to Saichania based on stratigraphic grounds will be upheld here. In the same vein, despite the un− certainty surrounding the referral of specimens to Tarchia, ZPAL MgD I/113 will be referred to Tarchia gigantea on the grounds that it comes from the same formation as the holotype of "Dyoplosaurus" giganteus. With the recent description of MPC 100/1305 (Saichania) by Carpenter et al. (2011) and new information in this paper (ZPAL MgD I/113, Tarchia), comparisons can be made between the postcranial skeletons of Tarchia and Saichania for the first time. Systematic palaeontology Dinosauria Owen, 1842 Ornithischia Seeley, 1887 Thyreophora Nopcsa, 1915 Ankylosauria Osborn, 1923 Ankylosauridae Brown, 1908 Tarchia Maryańska, 1977 Type species: Dyoplosaurus giganteus (Maleev, 1956) ; Hermiin Tsav, Mongolia; Nemegt Formation, Late Campanian-Early Maastrichtian.
Tarchia cf. gigantea Maleev, 1956 Material.-ZPAL MgD I/113, posterior portion of abdomen including fragmentary ribs, partial pelvis, and in situ osteo− derms and skin impressions; nearly complete caudal series including tail club handle and in situ osteoderms, but missing tail club knob.
Description.-ZPAL MgD I/113 consists of a large piece of the left side of the posterior abdomen and most of the tail (Figs. 1-5 ). Several ribs from the left side articulate with the dorsal vertebrae, most of which are only preserved as impres− sions. Both ilia are broken, but there is an imprint of the left ilium. The tail is nearly complete, but lacks the tail club knob. Several blocks of uncertain position include vertebrae, ribs, and a limb element. Numerous osteoderms were recovered with the specimen, including a layer of osteoderms and soft tissue imprints on the trunk (Fig. 3) , and in situ osteoderms alongside the caudal vertebrae (Figs. 4, 5 ). In addition, more than a hundred loose pieces containing bone elements of un− known origin have been identified.
The section of trunk from the posterior left side of the body is about 92 cm in length, and the body is 86 cm wide. It is split in half along the vertebral column. There are seven poorly preserved ribs, and all except the first and last contact the poorly preserved transverse processes. It is unclear how many of these represent dorsosacral vertebrae. A layer 3-10 cm thick and 45-50 cm wide covers part of the trunk dor− sally, and contains numerous flat and oval dorsal osteoderms (Fig. 3) . The sacrum includes five almost complete verte− brae, including one caudosacral. The centrum is not fused to the last sacral and is thus not part of the sacral rod. The tail is composed of at least 28 caudal vertebrae, 14 of which are free caudals ( Table 2 ). The free caudals (Figs. 1, 4) occur in two separate blocks of sandstone (free caudals 1-7 in a block 77 cm long, and free caudals 8-11 in a block 48 cm long), and are visible in right lateral view. Free cau− dal 8 is split in half and the two halves can be seen in ante− rior and posterior view in their respective blocks. The total length of the free caudals is 1.245 m. More proximal cau− dals are of almost the same height and width, while distally the caudals become more elongate. All the neural arches ex− cept for the neural arch of the first free caudal are fused to the centra. The neural spines decrease in height posteriorly, and become more inclined posteriorly. The neural spine of free caudal 2 is vertically oriented, while the neural spine of free caudal 7 is tilted some 45°posteriorly. The neural arches become progressively lower and more elongate. The prezygapophyses are long, narrow, and horizontal; their length increases posteriorly along the tail. The postzygapo− physes are very short for the first three free caudals and dis− appear completely after free caudal 3. The lengths of the prezygapophyses of free caudals 2, 7, and 10 are 42 mm, 53 mm, and 59 mm, respectively. The transverse processes be− come reduced posteriorly and are not visible posterior to free caudal 8. The haemal spines are largely obscured by the surrounding matrix.
The 17 caudals (handle vertebrae, following the terminol− ogy of Coombs, 1995) sandstone. Generally, the ventral sides of the vertebrae are all covered by matrix, except for the block containing the last three vertebrae. The total length of the handle caudals is 1.965 m. These caudals are typical for ankylosaurids, with elongate prezygapophyses and neural spines that form inter− locking Vs in dorsal view. The neural spines and prezygapo− physes diverge at an average angle of 35°. Ossified tendons are preserved on the lateral sides of the handle. The total length of the tail is 3.1 m. Ten different types of osteoderms have been identified in the specimen and these vary in size, shape and surface detail (Fig. 2 ). An attempt to organise and generalise armour termi− nology was made by Blows (2001) , although several osteo− derms described herein do not correspond to any of these terms, or to the terms initially used by Maryańska (1969) .
The large, backswept Type 1 plates of Maryańska (1969) are not preserved in ZPAL MgD I/113, nor are morphologies corresponding to Type 3 (slightly compressed keeled osteo− derms with a sharp, slightly backswept tip). Osteoderms cor− responding to Types 2 and 4-6 are preserved. However, morphologies not described by Maryańska (1969) are also present, and these are designated as Types 7 through 10 herein.
Type 2 osteoderms ( Fig. 2A, B) are sharply keeled and lo− cated along the lateral edges of the tail. In the anterior region of the tail, Type 2 osteoderms are triangular in dorsal view with sharp apices (Fig. 2A) . Type 2 osteoderms in the poste− rior part of the tail have more rounded apices (Fig. 2B) . A Type 4 osteoderm is conical with a circular base (Fig. 2C) . In lateral view, the osteoderm is a tilted cone with a rugose sur− face. Type 5 is a medium−sized osteoderm with an oval base (Fig. 2D) . A distinct keel extends from the pointed end to meet the longitudinal base line in the rounded end. The keel is strongly angled in dorsal view near the tapered end. Small, flattened osteoderms with circular bases are referred to here as Type 6 (Fig. 2E) . The dorsal surface is rugose but lacks any additional structures. Large, flattened, keeled, osteo− derms with slightly concave ventral surfaces are identified as Type 7 (Fig. 2F ). These osteoderms are thin−walled and rugose. Type 8 osteoderms are small, nearly flat, elongate ovals (Fig. 2G ). These are thin−walled, and each has a central or displaced keel and a slightly concave ventral surface. One unusual Type 8 osteoderm is ornamented by ridges and grooves, and has a notched peak (Fig. 5) . A Type 9 osteo− derm has a teardrop−shaped outline in dorsal view (Fig. 2H) . The keel extends from the tapered end and terminates in a small apex at the centre of the broad end. The base is deeply concave. A strongly keeled osteoderm with an elongate oval base that is pointed at both ends is referred to as Type 10 (Fig.  2I) . Three Type 10 osteoderms have been identified on the dorsal surface of the end of the tail.
The remains of in situ abdominal osteoderms are gener− ally fragmentary and incomplete. A few disarticulated osteo− derms identified as being from the trunk (Types 4, 7, and 10) have been recognized. Most impressively, a detached layer containing an almost complete pattern of dorsal trunk integu− ment with imprints from keratinous scales between the larger bony osteoderms is present. This layer is from the dorsal side of the torso, and extends parallel to the vertebral column (Fig. 3) . Keratinous scale impressions are large, keeled and approximately rectangular. Single or paired sequences of im− prints separate and surround the bony osteoderms.
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Discussion
There is sufficient overlapping material to allow ZPAL MgD I/113 to be compared to most other referred Tarchia specimens. PIN 551−29 preserves one caudosacral vertebra, nine free caudal vertebrae, and nine handle vertebrae (two of which are partially obscured by the knob osteoderms). Free caudal centrum heights range from 8.2 to 12.6 cm. The handle vertebrae have sharply pointed, V−shaped neural spines. The tail club knob is broken, but was probably more than 20 cm wide. The osteoderms are porous, with similar texture as the other body osteoderms. The postcranium of PIN 3142/250 has not been described, and so cannot be compared with the other specimens in this study. ZPAL MgD I/43 is the largest known ankylosaurid tail club, with a maximum knob width of 62 cm. Handle neural spines are sharply pointed and V−shaped in dorsal view. ZPAL MgD I/42 includes a fragmentary caudal vertebra, the tail club, and osteoderms. Six handle vertebrae are preserved in the tail club, and have sharply pointed V−shaped neural spines. Only the left major osteoderm of the knob is preserved, which has a width of 7.6 cm. The total width of the knob was probably around 20 cm.
With at least seventeen vertebrae incorporated into the tail club handle, ZPAL MgD I/113 has more handle caudals than Dyoplosaurus (approximately eleven) and Saichania (approx− imately twelve). Only Pinacosaurus incorporates more verte− brae into the handle of the tail club, with at least eighteen pres− ent in ZPAL MgD I/9. The complete caudal series is unknown in other Tarchia specimens. ZPAL MgD I/113 differs from all other Tarchia specimens in the morphology of the neural spines of the handle vertebrae. The neural spines and pre− zygapophyses diverge at an average angle of 35°, intermediate between the V−shaped morphology seen in other Tarchia specimens (and in all other ankylosaurids where the handle is known) and the U−shaped morphology of Ankylosaurus (Ar− bour et al. 2009 ). Because the average angle of divergence is between 20-25°in almost all ankylosaurid handle specimens (except for Ankylosaurus), it seems unlikely that the 35°angle in ZPAL MgD I/113 represents intraspecific variation within Tarchia. This suggests that either ZPAL MgD I/113 is not re− ferable to Tarchia, or the other ZPAL specimens are not refer− able to Tarchia. At present it cannot be determined which morphology belongs to the genus Tarchia.
The tail of ZPAL MgD I/113 is the longest complete tail of any known ankylosaurid (Fig. 4) ; it is more than twice the length of that of Saichania (MPC 100/1305) and longer than that of Dyoplosaurus (ROM 784). In both Saichania and ZPAL MgD I/113, the tail club accounts for about 65% the length of the tail, and in Dyoplosaurus the tail club represents about 60% of the total tail length.
Additional ankylosaurid taxa that preserve in situ osteo− derms on the tail include, Dyoplosaurus (ROM 784), Euoplo− cephalus (NHMUK R5161, ROM 1930) , Pinacosaurus (ZPAL MgD II/31, PIN 614) and Saichania (MPC 100/1305). Dyoplosaurus does not preserve osteoderms along the handle of the tail club, but there are Type 2 osteoderms immediately anterior to the handle. Euoplocephalus appears to lack Type 1 and 2 osteoderms; osteoderms preserved in the anterior por− tion of the tail have circular bases and low keels. Type 2 osteoderms are present on the tail of Pinacosaurus.
ZPAL MgD I/113 and MPC 100/1305 (Saichania) pre− serve some of the most complete sets of caudal osteoderms of any ankylosaurid, and comparisons between these two speci− mens can illuminate potential differences between Saichania and Tarchia (Fig. 4) . In both Saichania and Tarchia, Type 2 osteoderms become smaller and more rounded in dorsal view towards the handle. In Saichania, the lateral osteoderms of the knob are semicircular in dorsal view, as are the lateral osteoderms immediately anterior to the knob. Although the knob osteoderms are not preserved in ZPAL MgD I/113, based on the length of the tail it is likely that the handle pre− serves the penultimate pair of osteoderms. In contrast to Saichania, Tarchia appears to lack osteoderms along the handle that are semicircular in dorsal view.
The Type 1 osteoderms of Maryańska (1969) probably represent the large lateral osteoderms towards the posterior of the pelvis, near the tail base, as Saichania shows these large osteoderms only in this region. ZPAL MgD I/113 does not preserve any Type 1 osteoderms. It is not clear if these were absent in ZPAL MgD I/113 or just not preserved; even though osteoderms are preserved on the dorsal surface of the pelvis, no lateral osteoderms are preserved. Type 5 osteo− derms, with kinked keels, are present on the lateral sides of the torso in Saichania. In Saichania, the anterior part of the keel is kinked dorsally. The shape of the keel in the Type 5 osteoderm from ZPAL MgD I/113 indicates it may be de− rived from the right side of the body. Type 6 osteoderms are present in both Saichania and Tarchia, but in different re− gions. In Tarchia, they occur on the dorsal surface of the tail club. In Saichania, they are present on the dorsal surface of the pelvis. distal end of the preserved tail. Osteoderms forming the tail club knob typically each have rounded lateral edges in dor− sal view (except for a few specimens referred to Euoplo− cephalus, which are triangular in dorsal view, such as AMNH 5245), and sigmoidal medial edges. Osteoderms of the tail club knob overlap and surround the distal vertebrae dorsally and ventrally, even in the case of small knobs such as those in Dyoplosaurus acutosquameus (ROM 788) or Saichania (PIN 3142/251). There are typically a variety of small osteoderms forming the terminal end of the knob structure. It appears as though the tail club handle vertebrae in ZPAL MgD I/113 broke just anterior to the actual knob, and so the knob is not preserved in this specimen and cannot be compared to other Tarchia specimens. However, it is of interest that tail club knobs in specimens referred to Tarchia have a wide variety of shapes and sizes. PIN 551−29 has a poorly preserved but small tail club knob, as does ZPAL MgD I/42. In ZPAL MgD I/42, the keels on the major osteoderms are located at approximately the mid−height level of the osteoderms. In contrast, ZPAL MgD I/43 has anterolaterally−directed keels on the major osteoderms. It is difficult to determine the effects of ontogeny on tail club knob development, making it impossible to say whether ZPAL MgD I/43 represents one of the largest individuals of the genus Tarchia or whether it represents a distinct taxon. Penkalski (2001) stated that in general each individual has a consistent osteoderm surface texture. This statement corresponds to the osteoderms in specimen ZPAL MgD I/113, with all osteoderms having rugose surfaces. Burns and Sullivan (2011) note, however, that although osteoderm tex− ture is consistent within an individual, the tail club knob tex− ture often differs substantially from the other body osteo− derms. This provides further support that the most posterior preserved osteoderms in ZPAL MgD I/113 do not represent the terminal knob, as these osteoderms share a similar texture with the other caudal osteoderms.
The deep grooves on the Type 2 osteoderms are unusual features of ZPAL MgD I/113. Maleev (1956) noted the pres− ence of two osteoderms with fluted ornamentation in Talaru− rus. However, these have numerous parallel ridges originat− ing on the osteoderm surface about half way between the peak and the base line. The ridges increase in height and width towards the base line. Penkalski (2001) also noted the presence of ribbed, fluted osteoderm textures in several spec− imens referred to Euoplocephalus. Coombs (1995) described a small tail club from Alberta with distinct deep grooves on the dorsal surface; the texture of this specimen (ROM 7761) closely resembles that of ZPAL MgD I/113. A large tail club from Alberta (ROM 788) also has large furrows (Arbour and Currie 2011) . A ridge and groove structure similar to those in Euoplocephalus and Talarurus is only present in one osteo− derm in specimen ZPAL MgD I/113 (the Type 6 caudal osteoderm). The large grooves of the Type 2 plates, espe− cially in the anterior part of the tail, are unique to ZPAL MgD I/113.
The functions of the grooves in the Type 2 plates re− mains unknown. It is unlikely that they were vascular in ori− gin as their inner surfaces are smooth in contrast to the outer rugose and perforated surface areas of all osteoderms in the specimen. Coombs (1995) . Two large plates fuse to the centra of the three most distal vertebrae. Note the large grooves on both plates (darkened and arrowed), and the shapes of the distal keels. One handle vertebra is darkened to show the in− terlocking prezygapophyses and neural spines. Anterior is to the right.
of blood vessels. A potential explanation for the grooves could be the presence of keratinous ornamentation. As shown by ZPAL MgD I/113, ankylosaur osteoderms were covered with horny keratinous scales as in extant squamates and crocodilians; however, there is currently little data cor− relating keratinous texture with underlying bone surface texture. Ridged and grooved textures on the nasal boss of Pachyrhinosaurus were correlated with the presence of a cornified pad similar to that in Ovibos, the muskox (Hieronymus et al. 2009 ), so it is perhaps possible that the grooves on ZPAL MgD I/113 are associated with particu− larly thick keratinous coverings. ZPAL MgD I/113 is the first Mongolian ankylosaurid specimen to preserve keratinous scale impressions. Similar impressions are found in the North American ankylosaurid specimen ROM 813 (Fig. 6) . However, ZPAL MgD I/113 appears to lack the small, mm−sized ossicles in ROM 813 that occur ventral to the keratinous scale impressions, in the layer also containing large osteoderms. Both ZPAL MgD I/113 and ROM 813 show rosettes of scales around the larger osteoderms. ROM 813 preserves a greater variety of scale sizes and shapes, but those surrounding the large osteoderms are smaller and squarer than those in ZPAL MgD I/113, which are longer and more rectangular.
Conclusions
There are several features in ZPAL MgD I/113 that are not present in other specimens referred to Tarchia, or in other ankylosaurids. The angle of divergence of the neural spines in the handle vertebrae, 35°, differs from all other ankylo− saurids, which typically have an average angle around 20°( except for Ankylosaurus). The large number of vertebrae in− corporated into the handle of the tail club is more like the condition in Pinacosaurus than in Dyoplosaurus or Sai− chania. The large grooves on the Type 2 osteoderms are also unique to this specimen. The arrangement of osteoderms on the tail differs from that of Saichania, as ZPAL MgD I/113 lacks osteoderms that are semicircular in dorsal view, as are found in Saichania.
ZPAL MgD I/113 is also the first Mongolian ankylosaurid to preserve keratinous scale impressions, and the pattern dif− fers from that found in Euoplocephalus. Bell (2012) proposed that variations in keratinous scale arrangements among hadro− saurs may be of taxonomic value.
The angle of divergence of the neural spines, and the deep grooves on the osteoderms, are not found in other specimens referred to Tarchia, and it is possible that these features do not represent intraspecific variation. However, it is impossi− ble to say at present whether ZPAL MgD I/113 represents the true condition for Tarchia, or whether it may represent a dis− tinct taxon from Tarchia and Saichania. The non−overlap− ping nature of the holotypes of "Dyoplosaurus" giganteus and Tarchia kielanae makes it difficult to assign postcranial specimens to Tarchia. Until the postcrania of PIN 3142/250 are described, it will continue to be challenging to assess the taxonomic diversity of ankylosaurids in the Nemegt Forma− tion. ZPAL MgD I/113 still provides an excellent opportu− nity to document morphological variation in the postcranial skeleton of ankylosaurids, and, if referable to Tarchia, pro− vides additional information on postcranial differences be− tween Tarchia and Saichania. 
